Direct-frequency measurements have been extended into the visible region of the electromagnetic spectrum. The visible frequencies were synthesized by generating the second harmonic of the recently measured 260-THz 2aNe, 1.15-,um laser with a LiNbO 3 crystal. The absolute frequencies of ten hyperfine components of 127I2 near 520 THz are reported.
There is at present considerable interest in the possibility of defining the units of time and length in terms of the frequency and wavelength of a single atomic or molecular transition, with the numerical relation between them fixed by a defined value for the velocity of light. For such a system to be practical it is essential that frequency-measurement techniques be extended to bridge the spectral range from the microwave region (where the second is defined) to the visible region (where the meter is defined). To this end we have measured the frequencies of ten iodine hyperfine components at 520 THz (X = 0.576 gm) by comparison with the known frequency of a Lamb-dip stabilized pure 2 0 Ne laser (the NBS laser) at 260 THz (X = 1.15 gm).
The yellow-green light at 520 THz, generated (in the NRC laser) by doubling of 260-THz radiation from a He-Ne discharge, was servo-locked to individual hyperfine components of 12712 observed in saturated absorption, and their frequencies were determined simply by measurement of the beat frequencies of the two radiations at 260 THz.
The NBS laser had a 13-cm-long by 1.5-mm-diameter capillary. A hot cathode discharge in pure 2 0 Ne at a pressure of 33 Pa produced about 80MAW of single-frequency output. The frequency was stabilized to the center of the Lamp dip by an electronic servo system, which adjusted the mean cavity length so as to null the amplitude modulation of the output power produced by a 100-Hz cavity-length modulation (first-harmonic locking). The optical frequency modulation was approximately 10 MHz peak-to-peak. The mirrors were carefully adjusted to produce a symmetrical Lamb dip, AB is about 1 m long. The curved prism surface provides optimum concentration of the infrared radiation in the nonlinear crystal of lithium niobate maintained at the phase-matching temperature for doubling 260 THz (1730C). About 10 ,uW of the doubled radiation left the prism toward D when mirror E was blocked:
when cavity CBDE was resonated, the one-way internal power was approximately 500 ttW at 520 THz. Electronic servos driving piezoelectric transducers on mirrors C and E keep the three arms in resonance, AB and CB in the infrared and CBDE in the visible. The frequency can be tuned about 2.5 GHz at 520 THz by driving mirrors A, C, and E in synchronism.
There is a substantial overlap of the doubled radiation and the strong P(62) line in the 17-1 band of 12712. Fifteen hyperfine components (labeled a to o in order of decreasing frequency) are expected in this line, and ten of these (f to o) were observed in saturated absorption within the laser tuning range. The lowest frequency component, o, is well separated from the others and provides by far the best signal-to-noise ratio because the background absorption from the other iodine components is relatively small and because it occurs near the peak of the laser output power. The components had a full width at half-height of 2 MHz for an iodine pressure of 4 Pa. With 2-MHz frequency modulation (at 1.8 kHz), the laser could be servo-locked to the zero crossing of the amplitude modulation at 5.4 kHz that occurs at the center of each component (third-harmonic locking). The infrared laser was locked in turn to each hyperfine component for the frequency measurements described below and thus was at half the frequency of the hyperfine line.
The frequency measurements were done simply by combining the 260-THz beams from the two lasers on a high-speed photodiode. The beat frequency was displayed on a spectrum analyzer and measured with an adjustable marker oscillator and counter. The fre- 4 from which we calculate jo = c/X = 520 206 811 + 6 MHz. 5 The agreement between the above values for the frequency is satisfactorily within the error limits. In addition, the laser was locked to each of the components (n to f) and the beat frequencies between fax/2 and fNe were measured. The results are shown in Table 1 . The uncertainty in each of these beat frequencies is also 0.5
MHz. This extension of absolute-frequency measurements to the visible paves the way for highly accurate measurements in this portion of the electromagnetic spectrum. The rather large error limit on f,, is due to the free-running 197-THz He-Ne laser used in the measurement of the Lamb-dip stabilized 2 0 Ne, 1.15-tim laser. In view of the reproducibility of this Lamb-dip stabilized laser, an improved determination of its frequency, fNe, can be combined with the above value of fa -2 fNe to decrease the uncertainty of these iodine frequencies by about 2 orders of magnitude.
